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Abstract 
The purpose of the study is to describe theoretically the principles of multiple-choice problems creation. The data come from the 
process of my own problem posing as well as from the analysis of problems posed by others. I arrived at a categorisation which 
is based on several criteria, three of which are: the pupil’s expected solving strategy; whether the pupil’s abilities must be used 
for the solution on top of his/her mathematical knowledge; the relationship between the problem formulation and its answer-
choices. The categorisation is illustrated by several problems created by the author. 
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1. Introduction and methodology 
Problem posing is closely connected to the name of Georg Polya (1962, 1965). His work opened a new direction 
of research when he pointed to the key role of problems in mathematical education. Problem posing has become an 
object of research, both problem posing by pupils and by their teachers (e.g. Silver, 1994; Stoyanova, 2000; 
Gonzales, 1996). In my work (Zhouf, 2010), the problem posing process of a teacher and a creator of problems for 
mathematical competitions is described in detail. Among others, multiple-choice problems which have recently 
gained popularity in the Czech Republic thanks to their use in various exams have been investigated. This paper 
focuses on the following questions: What are characteristics of multiple-choice problems? How can they be 
categorized? 
In my professional career, I have created hundreds of mathematical problems for different purposes (teaching, 
school leaving and entrance examinations, mathematical competitions). In my research, I have attempted to grasp 
the problem posing process theoretically. The data for this study come from the process of my own problem posing 
of multiple-choice problems (thus, self-reflection was used) as well as from the analysis of problems posed by 
others. The analysis of multiple-choice problems, pupils’ solutions of these problems (in interviews and in tests) and 
the description of my problem posing process was a qualitative one aimed at finding characteristics of multiple-
choice problems. 
I arrived at a categorisation which is based on several criteria. The usability of this categorisation has been 
piloted in two ways. First, it was presented to pre-service mathematics teachers with the task to categorise some 
multiple-choice problems (the correspondence of their categorisations was followed). Second, secondary pupils 
were given these multiple-choice problems with the aim to find out their approaches to their solution and possible 
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classification. The analysis of both types of data led to a more accurate categorical system, with new categories 
emerging and the old ones characterised more precisely (see section 2).  
2.  Criteria for classifying closed multiple-choice problems  
2.1. Criteria overview 
The classification of closed mathematical problems presented in this paper is conducted using several criteria. 
Each criterion is further divided into parameters. The structure of this classification resembles that of a multiple-
dimensional (e.g. revised Bloom’s taxonomy (Krathwohl, 2002)). 
In the case of closed multiple-choice problem classification, we consider various criteria, e.g. the problem-
solver’s strategy, the problem’s potential (its potential to require certain skills, abilities and insight of pupils), the 
relationship between the problem and the multiple answer-choices given (dependence, independence), the polarity 
of the question (positive, negative), the problem’s level of difficulty, its realness, its target problem solver’s age. 
Further distinction of parameters within each criterion also plays an important role.  
For the sake of clarity, the first three of the above criteria have been selected for this presentation, and only their 
rough subdivision will be discussed. As closed multiple-choice problems tend to be shorter and easier, we choose 
not to use finer classification in order to avoid substantial overlapping of the criteria and their parameters.  The first 
two chosen criteria concern the relationship problem-problem solver, the third criterion concerns the problem itself.  
2.2. The problem-solver strategy criterion  
The individual forms of closed multiple-choice problems vary mainly in the solving strategies that a problem-
solver is expected (based on our own experience and experiments with pupils) to employ. It is important to note here 
that a strict categorization into a set of factors that would not overlap is not possible. 
The considered criterion is based on the sequence of steps a problem-solver executes and is subdivided by the 
following parameters:  
(A) The problem-solver solves the problem and then marks the correct answer, i.e. he/she solves the problem 
as an open one.  
(B) The problem-solver tests each answer-choice in turn until he finds the correct one. Such testing can be 
done in these manners:  
(B1) from the first to the last answer-choice, 
(B2) from the last to the first answer-choice, 
(B3) based on a first impression, e.g. starting from simple answer-choices,  
(B4) in an unidentified manner (intuitively). 
(C) The problem-solver imagines or sketches the situation in order to get insight into the problem; based on 
this insight he/she finds a dominant phenomenon which then enables him/her to:  
(C1) eliminate some distractors and work with the remaining answer-choices (using one of the strategies),  
(C2) solve the problem immediately. 
(D) The problem-solver uses graphic information provided either in the text of the problem or in the answer-
choices. This information gives him/her insight into the problem. Based on this insight he/she finds a 
dominant phenomenon which then enables him/her to:  
(D1) eliminate some distractors and work with the remaining answer-choices (using one of the strategies)  
(D2) solve the problem immediately. 
2.3. The problem potential criterion 
The process of solving a mathematical problem can vary from one problem solver to another. It also depends on 
their mathematical maturity. The considered criterion focuses on mathematical procedures undertaken by a problem-
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solver, and I further subdivide it based on the highest level of mathematical maturity necessary to solve the problem. 
The parameters are ordered from the lowest to the highest level of mathematical maturity:  
(ZD)  The problem-solver uses own knowledge and skills that are of  
(ZD1)  mathematical nature, when the problem-solver uses expert knowledge and skills,  
(ZD2)  communicative nature, when the problem-solver knows mathematical norms and symbolic 
representations. 
(MS)  The problem-solver employs  
(MS1) analytic-synthetic abilities, 
(MS2) experimental abilities. 
(VT)  The problem-solver uses insight or a trick while solving and tackles the problem  
(VT1) as a process: the problem-solver enacts a clear sequence of steps to be taken,  
(VT2) conceptually: the problem-solver sees the situation as a whole.  
2.4. The problem - answer choice relationship criterion  
The relationship between the text of a closed multiple-choice problem and the answer-choices provided is mostly 
evident. The correct answer-choice depends strictly on the text in some cases, and in others the distractors provided 
also play an important role. There are even cases where the correct answer depends solely on the answer-choices. 
This relationship will be clarified in the examples following further in the text. The relationship between the text of 
a problem and the answer-choices provided can be classified in terms of these parameters:  
(ZZ)  The correct answer depends both on the information provided in the text of the problem and the 
information provided by the answer-choices. 
(ZN)  The correct answer depends on the information provided in the text of the problem and not on the 
information provided by the answer-choices, i.e. this problem can be solved as an open problem.  
(NZ)  The correct answer does not depend on the information provided in the text of the problem and depends 
on the information provided by the answer-choices. 
(NN)  The correct answer depends neither on the information provided in the text of the problem nor the 
information provided by the answer-choices. 
3.  Specific classification of problems: Illustration  
Next, the use of the classification will be illustrated by problems which I created. Each of the problems is 
assigned parameters from the above lists. This assignment, however, is largely subjective. There are parameters that 
can be evaluated objectively (e.g. whether a question is asked in a positive or negative form), however, a subjective 
aspect of the parameters presented is more frequent. The reader is advised to read and solve the problems first and 
then confront his/her impression from the problem with the parameters assigned by the author.  
 
Problem 1 (A, ZD2, ZZ) 
 
Of the following five expressions: 
I. the square of the double of the sum of any two real numbers a and b  
II. the double of the square of the sum of any two real numbers a and b  
III. the sum of the doubles of the squares of any two real numbers a and b 
IV. the sum of the squares of the doubles of any two real numbers a and b 
V. the square of the sum of the doubles of any two real numbers a and b, 
these two are equivalent: 
(A) the first and the second. (B) the first and the fifth.       (C) the seconds and the fourth.   
(D) the third and the fourth. (E) the third and the fifth. 
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Problem 2 (B, ZD1, NZ) 
 
Which of the following statements is true?  
(A)  The sum of two odd numbers and one even number is an odd number.  
(B)  The sum of three odd numbers is an even number.  
(C)  The sum of the square of an odd number and the double of an even number is an even number.  
(D)  The product of two odd numbers is an odd number.  
(E)  The product of an even number and the square of an odd number is an odd number. 
 
 
Problem 3 (B, MS2, ZZ) 
For any positive integer n, the number 10 8n +  is divisible by: 
(A) four   (B) eight  (C) twelve 
(D) eighteen   (E) twenty-four 
 
 
Problem 4 (B, VT1, ZZ) 
 
Given that x and a are positive real numbers and exactly one of the following inequalities is true, which one is it? 
(A) 2 22x y>       (B) 2x y>      (C) x y>      (D) 2 2x y>   (E) 2x y>  
 
 
Problem 5 (C1, MS1, ZN) 
 
The sets A, B, and C have 2, 3, and 4 elements respectively. Given that sets A and B have no element in common 
and also sets A and C have no element in common, the union of all three sets cannot contain this number of 
elements:  
(A) 5  (B) 6      (C) 7  (D) 8      (E) 9 
 
 
Problem 6 (C1, VT2, ZZ) 
 
Which of the following five fractions represents the mean of the remaining four fractions?  
(A) 
1
3
 (B) 
1
4
           (C) 
2
5
       (D) 
5
12
       (E) 
7
20
 
 
 
Problem 7 (C2, MS1, ZZ) 
 
The equation 
2
23 1x xy− =  is equivalent to the equation: 
(A) 2 2 1x xy− =   (B) 2 0x y− =   (C) 2 2 3x xy− =  
(D) ( )2 0x x y− =   (E) 2 2 1x xy− = −  
 
 
Problem 8 (D2, ZD1 ,ZN) 
 
The picture shows an isosceles triangle. The sine of the base angle equals:  
 (A) 
2 10
10
      (B) 
10
10
     (C) 
5
5
       (D) 
6
6
      (E) 
2
6
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Figure 1: Triangle 
 
4.  Conclusions 
One of the characteristics of closed multiple-choice problems is that they are meant to be solved in only a few 
minutes which means that they are not very complex. It may seem that the number of ways to solve, and to create 
such problems is quite limited. However, this is hardly the case for it is possible to identify several more or less 
distinct (as well as interesting) types of such closed problems, even though not all the combinations of parameters 
presented above are plausible. 
Multiple-choice problems used in tests face some opposition from teachers and also general public. Many argue 
that open problems show pupils’ understanding of mathematics better. However, the surveys such as PISA or 
TIMSS employ this type of problems and it can be expected that they will have their place in mathematics 
education. Thus, it is important that they as well as the process of their creation receive more attention in research. I 
believe that the proposed categorization can be a starting point of some more work in this respect.  
Second, the categorization can serve as a theoretical framework for the teacher’s problem posing and provide 
mathematics teachers with an effective tool which helps them to create mathematical problems suitable for a given 
purpose and age and cognitive level of pupils. 
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